Introduction
Pulsed arterial spin-labeling (PASL) MRI (magnetic resonance imaging) is a recently developed, 1 non-invasive technique for measuring the cerebral blood flow (CBF) in patients with cerebrovascular disease. In the case of partial epilepsy, there have been some reports indicating the value of PASL MRI in the interictal, 2 and ictal 3 states. However, none of the reports on the ictal state were conducted in surgical cases. Moreover, they did not refer to interictal or ictal CBF studies, which are commonly used for the localization of the epileptogenic zone. We herein report a surgical case of cortical dysplasia with status epilepticus in which PASL MRI was useful for localizing the epileptic focus, compared with interictal and peri-ictal ECD-SPECT.
Case report
A 33-year-old female with no significant medical history was taken to an emergency hospital with a generalized seizure. She went home later in the day with no medication, because CT scans revealed no abnormality and the seizure disappeared. The patient was started on sodium valproate because of the same seizure two days after the first attack, but she presented with frequent motionlessness and staring with left facial spasms beginning the next day. She was referred to our hospital for further examinations and treatment.
After the admission, the above seizures were repeated several times a day. Brain MRI (3T MRI, MAGNETOM Verio; Siemens, Erlangen, Germany) was performed, and revealed a mass lesion in the right frontal lobe (FL) with high intensity on diffusionweighted images (DWI) (Fig. 1a) and fluid-attenuated inversion recovery (FLAIR) images (Fig. 1b) , and without enhancement by gadolinium on T1-weighed images (Fig. 1c) . Peri-ictal PASL was performed using Q2TIPS 4 and the following parameters were used:
TR/TE/TI1/TI1s/TI2 = 2800/13/700/1600/1800 ms; flip angle, 908; FOV, 256 mm; slice thickness, 8 mm; voxel size, 4 mm Â 4 mm Â 8 mm; nine slices. PASL showed hyperperfusion in the same area as the MRI lesion (Fig. 1d) . Carbamazepine was added to the sodium valproate, but the nonconvulsive status epilepticus still continued after a week. Then, 99mTc-ethyl cysteinate dimer (ECD)-single-photon emission computed tomography (SPECT) was performed with 2nd peri-ictal PASL. After levetiracetam was added to carbamazepine and sodium valproate the next day, seizures were abolished within a few days. Then inter-ictal PASL and ECD-SPECT were performed. PASL and ECD-SPECT were fused with MRI using the BEAT software program (Fuji Photo Film Co., Ltd, Japan). BEAT employs Automated Image Registration (AIR) software for coregistration that procedure was accomplished using linear transformation. At first, the right (lesion) and left (normal area) FL regions of interest (ROIs) were manually drawn on PASL and SPECT. Then, a perfusion asymmetry index (AI) was calculated from the mean cerebral blood flow (CBF) values in the ROIs using the following formula:
The AI values obtained by peri-ictal PASL and peri-ictal ECD-SPECT were À45% (Fig. 2a) and À19% (Fig. 2c) , while those of the interictal PASL and ECD-SPECT two weeks after the addition of levetiracetam were À8% (Fig. 2b) and À9% (Fig. 2d) . Ictal scalp video-EEG showed some ictal discharges following high amplitude sharp waves in the right fronto-temporal region (Fig. 1e) . The lesion on the right frontal lobe was speculated to be the epileptic focus and was totally removed. The pathological diagnosis of the lesion was cortical dysplasia. CD34 immunohistochemical evaluation showed no apparent differences in the density of microvessels in the area between focal cortical dysplasia and the surrounding cortex without morphological abnormalities (data not shown). She has been seizure-free for two years since the operation.
Discussion
Previous studies reported that findings of interictal hypoperfusion, 2 and ictal hyperperfusion 3 on PASL can reflect vascular alterations of the seizure focus. However, it was not completely confirmed if the area of hyperperfusion was the seizure focus, because the resection of the focus was not performed in these reports. In our study, the effectiveness of PASL for localizing the seizure focus that peri-and interictal PASL showed parallel vascular alterations with ECD-SPECT on the lesion, and the removal of the lesion abolished her seizures. This is the first report describing the usefulness of PASL for identifying the seizure focus by simultaneous examinations using both PASL and ECD-SPECT, which was confirmed by surgery. Previous study 5 reported that increase of microvessel density was observed in the cortical dysplasia that showed hyperperfusion in arterial spin-labeling. In our case, microvessel density did not differ in the area between cortical dysplasia and normal brain (data not shown). Seizure may be main factor for peri-ictal hyperperfusion in our case. A combination of peri-and interictal PASL may be useful as a technique for localizing the seizure focus, because ictal PASL is not practical, while peri-ictal PASL can be tried repeatedly because of its non-invasiveness and non-radiological dependency. However, our limited case needs further studies by adding simultaneous SPECT analysis to confirm the usefulness of peri-and interictal PASL.
Storti et al., 6 reported the usefulness of combining electrical source imaging, interictal and peri-ictal ASL and positron emission tomography (PET) for localizing the seizure focus. Only two cases in their study identified peri-ictal ASL hyperperfusion during the early post-ictal phase of 15 or 30 min in the same area as interictal PET hypometabolism. Future studies are needed to further analyze whether the hyperperfusion of peri-PASL occurs only due to multiple seizures, such as status epilepticus, and for how long the hyperperfusion of peri-PASL lasts after a single seizure.
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